A MODIFICATION OF THE NEUMANN-POINCARE METHOD FOR MULTIPLY CONNECTED REGIONS
H. L. ROYDEN 1. Introduction. Some interest has been attached to the problem of effective computation of the solution to boundary value and conformal mapping problems.
Birkhoff [3; 4] has given an excellent iteration precedure for the solution of the conformal mapping problem for simply connected regions. However, the convergence of his method is easily seen to be the same as that for the classical Neumann-Poincare method in potential theory, which, while converging for all simply connected regions [l;5] , fails to converge for the computation of the harmonic measures of multiply connected regions [l;2] . Since it is primarily these harmonic measures which are needed in the conformal mapping problem, we derive in the present paper a modification of the Neumann-Poincare method which will converge in this case and apply it to the conformal mapping of doubly connected regions. While the formulas involve certain ^-series, these should not present a major problem for numerical computation since the series are very rapidly convergent and only a few terms need be taken.
2. General formulation. Let Ω be a multiply connected region which is bounded by a smooth curve C. Let U (z) be a continuous real-valued function defined for z £ C. We wish to consider the problem of finding a function u + iv which is analytic in Ω and for which
We do not require that v be single valued in Ω, and we shall assume that at a fixed point ζ 0 £ C we have C, for i = l, ,n -1, and γ n lies outside C n . 
for μ subject to the condition that μ(ζ Q ) = 0. If this is done, then u is given by NEUMANN-POINCARE METHOD FOR MULTIPLY CONNECTED REGIONS 387 (7), and υ is given by
is the harmonic conjugate with respect to ζ of dg/dn z {z;
is an analytic function of ζ. 
K this ensures the convergence and correctness of the iteration (16).
In order to obtain an estimate for | λ 0 | and consequently for the rate of convergence of (20) 
4. The doubly connected case. We now suppose that Ω is a doubly connected region in the plane contained in the circle \z\ < 1 and containing the circle I z I S. ? 2 within its inner contour. We take our Riemann surface W to be the torus formed by identifying the points z and q 2 z. Now we shall show that the Green's function for W is 
In terms of an arbitrary parameter σ, this becomes
where now the primes denote differentiation with respect to σ.
For computational purposes, it would seem best to calculate 
